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(57) ABSTRACT

An image processing apparatus includes a display and
processing circuitry. The processing circuitry generates sec-
ond image data by subtracting first image data before and
after contrast enhancement. The processing circuitry
removes information indicating a structure from pieces of
the second image data to generate third image data. The
processing circuitry correct misalignment of the third image
data based on characteristics of the shape of the subject
represented in at least any one of the first to third image data.
The processing circuitry obtains a variation index between
the third image data after alignment correction, and gener-
ates fourth image data base on the variation index. The
processing circuitry displays a medical image based on the
fourth image data on the display.

19 Claims, 3 Drawing Sheets
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IMAGE PROCESSING APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application Nos. 2012-
261880, filed 30 Nov. 2012 and 2013-247618, filed 29 Nov.
2013; the entire contents of which are incorporated herein by
reference.

FIELD

Embodiments described herein relate generally to an
image processing apparatus and an image processing
method.

BACKGROUND

There is a method of calculating the amount of blood flow
such as cerebral blood volume (CBV) by using a modality
such as an X-ray computed tomography (CT) system or an
angio system (an X-ray imaging apparatus). For example,
the CBYV is calculated based on the profile of CT values
obtained by continuous scanning. For another example, the
CBYV is calculated by using a non-contrast image acquired
before the injection of a contrast agent and a contrast image
acquired after the injection. Specifically, an image of blood
vessels including capillaries is created by removing non-
vascular regions such as bones and soft tissues from the
difference between the non-contrast image and the contrast
image. The generated image is displayed, for example, as a
color map.

This method is used to determine the results of procedure,
therapy, or treatment for a subject. However, it may some-
times be required to make a different decision according to
the state of the subject before a procedure. Besides, the
blood flow velocity or the like may vary according to the
psychological and physical condition of the subject who is
to undergo a procedure or the like. In this case, even if the
amount of blood flow is calculated before or after a prede-
termined event such as a procedure, it may be difficult to
determine whether the calculation result is influenced by the
predetermined event such as a procedure. For example, even
if the CBV is calculated based on an examination result
obtained after the predetermined procedure, a viewer of an
image may not determine whether a portion, which appears
in the image or the like as a result of measurement, emerges
after the procedure. In such a case, for example, an affected
part or the like that has already existed before the procedure
may be mistaken for a newly developed affected part.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an image processing appa-
ratus according to an embodiment;

FIG. 2 is a diagram for explaining the outline of the
generation and analysis of image data in the embodiment;
and

FIG. 3 is a flowchart of a series of the operation of the
image processing apparatus of the embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, an image
processing apparatus includes a subtraction data generator,
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2

an analyzer, a registration processor, an image processor, a
display, and a display controller. The subtraction data gen-
erator generates second image data by subtracting first
image data after contrast enhancement from first image data
before contrast enhancement. The analyzer removes infor-
mation corresponds to anatomical structures from a plurality
of the second image data to generate third image data. The
registration processor corrects the positions of a plurality of
the third image data obtained at different timings based on
structural information represented on image in at least any
one of the first image data, the second image data, and the
third image data. The image processor obtains a variation
index between the third image data after correcting relative
positions, and generates fourth image data base on the
variation index. The display controller displays a medical
image based on the fourth image data on the display.

With reference to FIG. 1, a description is given for a
configuration of an image processing apparatus according to
an embodiment. As illustrated in FIG. 1, an image process-
ing apparatus 100 of this embodiment includes a projection
data storage 10, a reconstruction processor 11, an analyzer
12, an image data storage 20, a registration processor 21, an
image processor 22, a display controller 23, and a display
24. As illustrated in FIG. 1, the image processing apparatus
100 of this embodiment receives projection data acquired
before and after contrast enhancement by an imaging unit
500. The image processing apparatus 100 generates image
data based on the projection data. The imaging unit 500 is a
predetermined modality such as an X-ray CT system or an
angio system (an X-ray imaging apparatus). The image data
is, for example, volume data.

The projection data storage 10 receives projection data
acquired at different times by the imaging unit 500. The
projection data includes, for example, those obtained prior to
a predetermined event (procedure, therapy, or treatment for
a subject), and those obtained after the predetermined event.
Besides, the projection data can be divided into projection
data D11la, D12a, . . . before contrast enhancement and
projection data D115, D125, . . . after contrast enhancement.
The projection data storage 10 stores the projection data in
association with examination or treatment information, pre-
or post-contrast enhancement, and acquisition time. In the
following, let us assume that projection data acquired prior
to a predetermined event and projection data acquired after
the predetermined event are acquired at different examina-
tions. In addition, the projection data D11a and the projec-
tion data D115 are projection data before and after contrast
enhancement acquired in the same examination prior to a
predetermined event. Similarly, the projection data D12a
and the projection data D124 are projection data before and
after contrast enhancement acquired in the same examina-
tion after the predetermined event. Further, the predeter-
mined event is described as “procedure”. Accordingly, here-
inafter “procedure” does not always refer to procedure, but
may also refer to therapy or treatment for a subject.

The reconstruction processor 11 of the embodiment
includes a subtraction data generator 111. In the following,
the operation of the reconstruction processor 11 is described
first, and then the operation of the subtraction data generator
111 afterward.

The reconstruction processor 11 retrieves projection data,
that examination and treatment information, pre- or post-
contrast enhancement, and the acquisition time from the
projection data storage 10. When the projection data D1la
before contrast enhancement and the projection data D115
after contrast enhancement acquired prior to a predeter-
mined event are retrieved, the reconstruction processor 11
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performs reconstruction processing after subtracting the
projection data D115 from the projection data D1la. Spe-
cifically, the reconstruction processor 11 generates image
data (tomographic image data or volume data) by a recon-
struction algorithm such as Feldkamp algorithm, most
famous 3D backprojection algorithm. The reconstruction
processor 11 can reconstruct volume data by any method
such as three-dimensional Fourier transform, convolution
back projection or the like, or cone-beam reconstruction,
multi-slice reconstruction, iterative reconstruction, or the
like. Hereinafter, image data reconstructed from projection
data before contrast enhancement (e.g., the projection data
Dl1la, D12a, . . .) is sometimes called as “image data before
contrast enhancement”. Similarly, image data reconstructed
from projection data after contrast enhancement (e.g., the
projection data D115, D126, . . . ) is sometimes called as
“image data after contrast enhancement”. The image data
before and after contrast enhancement correspond to an
example of “first image data”.

In this manner, the reconstruction processor 11 performs
reconstruction processing by using the projection data D11a
and the projection data D114, acquired prior to a procedure,
based on predetermined reconstruction conditions. Thereby,
the reconstruction processor 11 generates image data D21a
before contrast enhancement and image data D214 after
contrast enhancement. On the other hand, when the projec-
tion data D12a and the projection data D124, acquired after
the procedure, are retrieved, the reconstruction processor 11
performs reconstruction processing by using them, and
generates image data D22a before contrast enhancement and
image data D225 after contrast enhancement.

The reconstruction processor 11 may perform the recon-
struction processing described above according to an
instruction from an operator. In this case, the reconstruction
processor 11 receives the determination of examination from
the operator. The reconstruction processor 11 then retrieves
projection data corresponding to the examination and recon-
structs it.

The reconstruction processor 11 stores, in the image data
storage 20, the image data D21a before contrast enhance-
ment and the image data D215 after contrast enhancement
generated prior to a procedure in association with each other.
Besides, the reconstruction processor 11 sends the image
data D21a and the image data D216 to the subtraction data
generator 111. The subtraction data generator 111 generates
the subtraction data between these image data.

Next, referring to FIG. 2, a description is given for
processing related to the generation and analysis of image
data according to the embodiment. The subtraction data
generator 111 generates image data indicating the subtrac-
tion data between image data before contrast enhancement
and image data after contrast enhancement for each exami-
nation (e.g., before and after a procedure). Note that in the
following description, the image data indicating the subtrac-
tion data is sometimes referred to as “subtraction image
data”. For example, as illustrated in FIG. 2, the reconstruc-
tion processor 11 obtains the subtraction data between the
image data D21a before contrast enhancement and the
image data D215 after contrast enhancement, where those
data were acquired before a procedure. The reconstruction
processor 11 then generates first subtraction image data D21.
Further, the reconstruction processor 11 obtains the subtrac-
tion data between the image data D22a before contrast
enhancement and the image data D22b after contrast
enhancement, where those data were acquired after the
procedure. The reconstruction processor 11 then generates
another first subtraction image data D22.
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Note that, the subtraction data generator 111 generates
subtraction image data based on reconstructed image data at
previous example; however, this embodiment is not limited
to this. For example, the subtraction data generator 111 may
obtain the subtraction data between the projection data D11a
before contrast enhancement and the projection data D115
after contrast enhancement, and reconstruct first subtraction
image data D21 from subtraction data of projection data.
Thus, first subtraction image data is generated by the recon-
struction processing. In this case, subtraction image data
after a procedure is also generated in the same manner. The
subtraction image data generated by any of the above
methods corresponds to an example of “second image data”.

The subtraction data generator 111 sends any one of or a
combination of the first subtraction image data D21 before
a procedure, the image data D21a before contrast enhance-
ment, and the image data D216 after contrast enhancement
to the analyzer 12. Similarly, the subtraction data generator
111 sends any one of or a combination of the first subtraction
image data D22 after the procedure, the image data D22a
before contrast enhancement, and the image data D225 after
contrast enhancement to the analyzer 12. In the following
description, it is assumed that the subtraction data generator
111 sends the first subtraction image data D21 before a
procedure, the image data D21a before contrast enhance-
ment, the first subtraction image data D22 after the proce-
dure, and the image data D22a before contrast enhancement
to the analyzer 12.

The analyzer 12 receives the first subtraction image data
D21 and the image data D21a before contrast enhancement
from the subtraction data generator 111. As illustrated in
FIG. 2, the analyzer 12 specifies a region, where there is no
blood flow, by a technique such as the analysis of voxel
values, segmentation, or the like by using the image data
D21a before contrast enhancement. The no blood-flow
region may be, for example, a region corresponding to the
air or a region corresponding to the bone. In the following,
the specified region is sometimes referred to as “no blood-
flow region”. It is not necessary to determine image data to
be analyzed in order to specify no blood-flow region. For
example, the image data D214 after contrast enhancement
may be used.

From among voxel data in the first difference image data
D21, The analyzer 12 sets values of voxel data correspond-
ing to no blood-flow region to zero on the first subtraction
image data D21 to get image data D31. Although the term
“voxel data” as used herein covers the value, the value is
sometimes described as “the value of voxel data” when the
value is emphasized in the explanation, when the value is
used at the other processing, or the like. In this manner, the
analyzer 12 removes the region that indicates no blood-flow
region on the first subtraction image data D21. Incidentally,
an example of “third image data” corresponds to image data
created by removing no blood-flow region from the subtrac-
tion image data.

The analyzer 12 may normalize the value of third image
data based on the value of voxel data corresponding to the
arterial region on the third image data D31 to get image data
D31'. In this case, the normalized third image data also
corresponds to an example of “third image data™.

The analyzer 12 may process the voxel values of third
image data to get image data D31" so that minute blood
vessels such as a capillary is relatively enhanced. The
capillary region is a region of interest. As a specific example,
the analyzer 12 sets a region indicating the artery (major
blood vessel), that is, a part which has a high value of voxel
data, to zero on third image data. Thus, the analyzer 12
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removes the artery region from the third image data. In this
case, the processed third image data also corresponds to an
example of “third image data”.

The analyzer 12 stores one or combinations of the third
image data in the image data storage 20. Note that the third
image data may have been normalized or processed. In
addition, the analyzer 12 may store the image data D21a
before contrast enhancement, the image data D214 after
contrast enhancement and information of those processing.

The analyzer 12 performs the same processing for the first
subtraction image data D21 to the first subtraction image
data D22 that has been created based on projection data and
the like after a procedure.

The registration processor 21 retrieves third image data
(D31 and D32, D31' and D32', D31" and D32", or combi-
nations) corresponding to before and after the procedure for
comparison, and reconstruction data (D21a, D22a, . . . )
before contrast enhancement. It is hereinafter assumed that
the registration processor 21 has retrieved the third image
data D31 and the third image data D32, and the image data
D21a and the image data D22a before contrast enhancement
corresponding to the third image data, respectively. As
described above, the third image data D31 and the image
data D21a before contrast enhancement are image data
related to the examination that is performed before a pre-
determined procedure. On the other hand, the third image
data D32 and the image data D22a before contrast enhance-
ment are image data related to the examination that is
performed after the procedure.

The registration processor 21 extracts a rigid structure,
whose shape does not change even if the subject moves,
from the image data D21a and the image data D22a before
contrast enhancement. The rigid structure may be, for
example, an osseous structure or the like. Such rigid struc-
ture may be extracted, for example, based on the evaluation
(e.g., threshold processing) of voxel data. The registration
processor 21 allocates the image data D21a and the image
data D22a before contrast enhancement by using the rigid
structure. The registration processor 21 corrects misalign-
ment between the third image data D31 and the third image
data D32 based on misalignment information determined
between the image data D21a and the image data D22a
before contrast enhancement. Thus, the third image data
D31 and D32 are corrected, and then the corrected third
image data D31c¢ and the corrected third image data D32c¢
are gotten. In this registration, unique anatomical coordinate
system of the third image data D31 and unique anatomical
coordinate system of the third image data D32 are corrected
based on the rigid structure.

The registration processor 21 sends the corrected third
difference image data D31c¢ and the corrected third image
data D32c¢ to the image processor 22.

The image processor 22 receives, from the registration
processor 21, the corrected third image data D31c¢ and the
corrected third image data D32c¢. The image processor 22
adjusts (normalizes) the voxel data of either or both the
corrected third image data D31c¢ and the third image data
D32¢ to get adjusted third image data D31v and D32v,
respectively. For example, this correction is performed in the
following manner: The image processor 22 corrects a pre-
determined voxel such that the voxel values of the third
image data before and after a procedure match (indicate the
same value) at the same position (the same anatomical
position).

Incidentally, the region used at adjustment may be a
region which is not affected by a treatment or the like. The
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6

reference region for adjustment may be specified by, for
example, an operator (doctor, etc.) through the input unit
(not illustrated).

In other words, the image processor 22 calculates an
adjustment factor that makes the values of voxel data match
between specified same anatomical region of third image
data before and after a procedure. The image processor 22
adjusts, for example, the voxel values of all voxels of the
third image data by using the correction factor. The image
processor 22 may specify same region which has anatomi-
cally identical structure on the first subtraction image data
D21 and D22, or the third image data. For example, the
image processor 22 may specify the same region based on an
automatic or semi-automatic processing technique such as
segmentation, a comparison of the anatomical structure or
comparison of structural information extracted from the
anatomical structure.

As described above, the image processor 22 adjusts the
voxel data of either or both the third image data so that the
voxel values match in the same position (region) of them.

This adjustment is performed to generate second subtrac-
tion image data D41 (described later) which is obtained by
subtracting the third image data before and after a procedure.
Incidentally, the second subtraction image data D41 corre-
sponds to an example of “fourth image data™. Specifically,
region which is affected by a procedure or the like is
relatively enhanced by suppressing signals at specified
region on the second subtraction image data D31. Accord-
ingly, the above adjustment is performed to remove the
specified region as much as possible so that the region can
be negligible on the second subtraction image. Note that the
subtraction between the third image data before and after a
procedure corresponds to an example of “variation index”.

The image processor 22 may automatically determine a
correction factor. The region that is affected by a treatment
or the like is a minor region in most cases. Based on this
assumption, the image processor 22 statistically determines
a correction factor so that voxel values agree at as many
voxels as possible between the third image data before and
after a procedure. In addition, the image processor 22
obtains the second subtraction image data D41 (the fourth
image data) by subtracting the adjusted third image data
before and after a procedure. As a result, regions which are
not affected by treatment or the like disappear or become
negligible, while regions which are affected by a treatment
or the like are relatively enhanced.

Described below are two examples of the calculation of
the adjustment factor by the image processor 22. In first
example, the image processor 22 calculates an adjustment
factor so that voxel data or small regions match (indicate the
same value) at the same position (the same anatomical
position) on the third image data before and after a proce-
dure. Alternatively, in the first example, the image processor
22 calculates an adjustment factor so that voxel values of a
plurality of small regions match at the same position on the
third image data before and after a procedure. The average
value of each small region is used as the voxel value at this
time. The image processor 22 creates a histogram of adjust-
ment factors, and determines an adjustment factor by deter-
mining a most frequent value from the histogram. The
adjustment factor is applied to each region on the third
image data. In second example, the image processor 22
determine adjustment factor so that negligible region which
has less signals on the second subtraction image has maxi-
mum volume. As a result, the image processor 22 identifies
an adjustment factor to maximize the volume H of voxel
data or small regions that match each other at the same
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position (the same anatomical position) of two third image
data. This may be obtained by deriving a to maximize the
following equation:

4

[Equation 1]
H= {aD31(x, y, 2) — D32(x, y, 2P
i=1

With respect to each small region i (i=1 to N) in the
operator V, the image processor 22 checks the average value
of

{aD31 (x,y,z)-DEvZ(x,y,z)}2

If the average value is within A, it is determined that they
match each other, and the count is incremented by one. On
the other hand, if the average value is not within %A, it is not
counted. By this operation of the image processor 22, it is
possible to count the number of small regions, whose voxel
values approximately match between the images, by chang-
ing the adjustment factor o gradually. The image processor
22 may determine the adjustment factor by searching maxi-
mum count of matched small regions.

The automatic adjustment factor (adjustment factor ) is
calculated under the assumption that regions affected by a
procedure, a treatment, or the like are minor. However, there
are cases that do not conform to this assumption. As such
cases, a state in which the adjustment factor « is far off from
1 is assumed. To cope with such a situation, for example, the
image processor 22 determines whether the correction factor
a falls within a range of 0.67 to 1.5. If the adjustment factor
a is out of the range, the image processor 22 gives a
notification (warning) to the operator. The notification may
be provided as a visual or audio warning message. This
notification may prompt the operator to specify a reference
region for adjustment processing. In this case, the adjust-
ment factor is determined based on the specified region.

After adjusting the voxel value of each voxel on the third
image data before and after a procedure by adjustment factor
a, as illustrated in FIG. 2, the image processor 22 generates
the second subtraction image data D41 based on the sub-
traction between them. The second subtraction image data
D41 thus generated can show, for example, a portion (e.g.,
improved or worsened part) that has been affected by a
treatment or a procedure.

The image processor 22 performs image processing on the
second subtraction image data D41 based on predetermined
image processing conditions. For example, the image pro-
cessor retrieves the image data D21a or D22a before con-
trast enhancement or the like. Then, the image processor 22
may superimpose the second subtraction image data D41 on
the image data D21a or D22a before contrast enhancement
to generate image data D42. In the example of FIG. 2, the
image data D42 shows both anatomical structure and
affected part simultaneously. With a medical image thus
generated, for example, it is possible to identify a region that
has changed since the examination corresponding to the first
subtraction image data D21 until the examination corre-
sponding to the first subtraction image data D22.

The image processor 22 retrieves the first subtraction
image data D21 acquired before a procedure or the first
subtraction image data D22 acquired after a procedure or the
like. Further, the image processor 22 may generate another
image data D42 by superimposing the second subtraction
image data D31 on one of the first subtraction image data
D21 or D22. In this manner, the image data D42 shows, for
example, the positional relationship between an affected part
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(e.g., infarction) on the second subtraction image data D31
and major blood vessel (e.g., artery). At this time, image data
on which capillary is enhanced by processing of voxel data
are used instead of the first subtraction image data D21 or
D22 for the other purpose.

The image processor 22 retrieves, for example, the image
data D215 acquired after contrast enhancement and before a
procedure or the like instead. Further, the image processor
22 may generate third example of fusion data by superim-
posing the second subtraction image data D31 on the image
data D215 after contrast enhancement. The fusion image
may be displayed in color. If the image processor 22
generates a image data in this manner, for example, the
image data can show both the amount of blood flow at each
part before a procedure and affected portion that has been
affected by a procedure.

The image processor 22 sends the fusion image generated
as above to the display controller 23. The display controller
23 receives the fusion image from the image processor 22,
and displays it on the display 24.

Note that the image data storage 20 is only required to
store image data for generating an image to be displayed on
the display 24. Therefore, the image data storage 20 does not
need to store the image data D21a, D22a, . . . before contrast
enhancement and the image data D21b, D225, . . . after
contrast enhancement together with the first subtraction
image data D21, D22 . . . . For example, if the image data
is generated by using subtraction image data only, the image
data storage 20 is required to store only the first subtraction
image data D21, D22, . . ..

Next, referring to FIG. 3, a description is given for
explaining flowchart of the image processing apparatus 100
in this embodiment. Note that the following description is
given for an example described above.

(Step S11)

The projection data storage 10 stores projection data
acquired by the imaging unit 500 before and after a prede-
termined event, that is, the projection data Dlla,
D12aq, . . . before contrast enhancement and the projection
data D11b, D125b, . . . after contrast enhancement.

The reconstruction processor 11 retrieves the projection
data, purpose of the acquisition in the examination, acqui-
sition conditions such as acquisition before contrast
enhancement or acquisition after contrast enhancement and
acquisition time, from the projection data storage 10. The
reconstruction processor 11 performs reconstruction pro-
cessing to, for example, the projection data D1la and the
projection data D115 acquired before a procedure.

By the reconstruction processing, the image data D21a
before contrast enhancement and the image data D215 after
contrast enhancement are generated. When retrieving the
projection data D12a and D126 after the procedure, the
reconstruction processor 11 performs the reconstruction
processing to them to generate the image data D22a before
contrast enhancement and the image data D225 after con-
trast enhancement.

The reconstruction processor 11 stores, in the image data
storage 20, the image data D21a in association with the
image data D214 after contrast enhancement, and the image
data D22a in association with the image data D22b.

(Step S12)

Besides, the subtraction data generator 111 receives the
image data before contrast enhancement and the image data
after contrast enhancement from the reconstruction proces-
sor 11 in step S11, and obtains the subtraction data between
them.
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By obtaining the subtraction, the subtraction data genera-
tor 111 generates, for example, the first subtraction image
data D21 that indicates the subtraction between the image
data D21a before contrast enhancement and the image data
D215 after contrast enhancement (see FIG. 2). The subtrac-
tion data generator 111 further generates the first subtraction
image data D22 that indicates the subtraction between the
image data D22a before contrast enhancement and the
image data D225 after contrast enhancement.

The subtraction data generator 111 may obtain the sub-
traction between the projection data before contrast
enhancement and that after contrast enhancement, and gen-
erate the subtraction image data by reconstructing the sub-
traction of the projection data.

(Step S13)

The subtraction data generator 111 sends at least one of
the first subtraction image data D21 generated, the image
data D214 before contrast enhancement, and the image data
D214 after contrast enhancement to the analyzer 12. For
example, the subtraction data generator 111 sends the first
subtraction image data D21 and the image data D214 before
contrast enhancement to the analyzer 12. Similarly, the
subtraction data generator 111 sends the first subtraction
image data D22 and the image data D22a before contrast
enhancement to the analyzer 12.

The analyzer 12 receives the first subtraction image data
D21 and the image data D21a before contrast enhancement
from the subtraction data generator 111. The analyzer 12
specifies no blood-flow region in the image data D2la
before contrast enhancement (see FIG. 2). The image data
D215 after contrast enhancement may be used instead to
specify no blood-flow region.

The analyzer 12 sets the value of voxel data correspond-
ing to the no blood-flow region to zero. In this manner, the
analyzer 12 removes the no blood-flow region from the first
subtraction image data D21 to get image data D31.

The analyzer 12 may normalize the value of the subtrac-
tion image data D31 based on the values of voxel data
corresponding to the arterial region.

In addition, the analyzer 12 may set the voxel value of, for
example, a part indicating an artery with a high voxel value
to zero in the image data D31 to relatively enhance minute
blood vessels such as capillaries.

The analyzer 12 stores the image data D31 or the like in
the image data storage 20. The analyzer 12 performs the
same processing on the first difference image data D22 to get
image data D32 or the like.

(Step S14)

The registration processor 21 retrieves the image data
D31 (before a procedure) and the image data D32 (after the
procedure), and also the image data D21a and the image data
D22a before contrast enhancement corresponding to them,
respectively.

The registration processor 21 extracts a rigid anatomical
structure (bone, etc.), whose shape does not change even if
the subject moves, from the image data D21a and the image
data D22a before contrast enhancement by threshold pro-
cessing or the like. The registration processor 21 allocates
the image data D2la and the image data D22a before
contrast enhancement by using extracted information. The
registration processor 21 corrects the position and orienta-
tion of the image data D31 and the image data D32 based on
allocation information between the image data D21a and
D22a before contrast enhancement. Thus, the image data
D31 and D32 are corrected.
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The registration processor 21 sends the corrected image
data D31c¢ and the corrected image data D32¢, to the image
processor 22.

(Step S15)

The image processor 22 receives, from the registration
processor 21, the corrected image data D31c¢ and the cor-
rected image data D32¢. The image processor 22 adjusts
either or both the corrected image data D31 and the cor-
rected image data D32 so that voxel values match at the
same region between the two image data D21 and D22. The
same region which is not affected by a treatment is deter-
mined by the operator via the input unit (not illustrated), for
example. The image processor 22 calculates an adjustment
factor that makes the values of voxel data match between
regions each specified on the corrected image data. The
image processor 22 adjusts each voxel value of the corrected
image data based on the adjustment factor.

First example or second example described above may be
employed to automatically determine the adjustment factor.
(Step S16)

After adjusting each voxel value on the corrected image
data D31c¢ and the corrected image data D32¢, the image
processor 22 obtains the subtraction between these image
data and thereby generates the second subtraction image
data D31 (see FIG. 2).

(Step S17)

The image processor 22 performs image processing on the
second subtraction image data D41 based on predetermined
image processing conditions. For example, the image pro-
cessor retrieves the image data D21a or D22a before con-
trast enhancement and before or after a procedure or the like
used to generate the second subtraction image data D41.
Then, the image processor 22 may superimpose the second
subtraction image data D41 on the image data D21a or D22a
before contrast enhancement to generate fusion image data
D42. For example, in the example of FIG. 2, the fusion
image data D32 is a schematic illustration of image data
obtained by superimposing the second subtraction image
data D41 on the image data D21a before contrast enhance-
ment. The fusion image thus generated shows, for example,
both improved or worsened region by a procedure and
anatomical information simultaneously.

The image processor 22 may generate a fusion image by
superimposing the second subtraction image data D41 on the
first subtraction image data D21 or D22. At this time, fusion
image shows relationship between affected region and major
blood vessels.

The image processor 22 may generate a fusion image
displayed in color by superimposing the second subtraction
image data D41 on the image data D215 after contrast
enhancement.

The image processor 22 sends the fusion image generated
in the above manner to the display controller 23. The display
controller 23 receives the fusion image from the image
processor 22, and displays it on the display 24.

As described above, the image processing apparatus 100
of this embodiment generates subtraction image data indi-
cating affected region by a procedure. With this configura-
tion of the image processing apparatus 100 of the embodi-
ment, an affected part, which has newly developed from
before to after a predetermined event such as a procedure,
can be displayed with additional information by fusing the
anatomical information such as osseous or vessel structures.
(Modification)

The image processing apparatus 100 of the embodiment is
described above as obtaining the subtraction between the
first subtraction image data between image data before and
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after a procedure or the like (D31 and D32, an example of
“third image data”), and thus generating the second subtrac-
tion image data D41 (an example of “fourth image data”).
However, the embodiment is not limited to this and may be
constructed as follows, for example.

After correcting the voxel value of each voxel in the
corrected image data D31¢ acquired prior to a procedure and
the first corrected image data D32¢ acquired after the
procedure, the image processor 22 divides the image data
D32 by the image data D31. A specific example is repre-
sented by the following equation, where PB (x, y, z) is the
corrected image data D31c¢ before a procedure, and PA (%, y,
7) is the corrected image data D32c¢ after the procedure.

PA(x, y, 2)
PB(x, y,z)

[Equation 2]

The image processor 22 generates the second subtraction
image data D41 by the division of these image data.

Incidentally, there are cases where the value of PB (x, v,
7) in the above equation is approximately zero. In such a
case, the subtraction value may be close to infinite number.
Accordingly, when the value of PB (x, y, z) is close to zero,
the image processor 22 adds a predetermined constant to PB
(X, y, ), and then divides the corrected image data D32¢ by
the corrected image data D31c. A specific example is rep-
resented by the following equation, where “k” indicates the
constant.

PA(x. y. 2)
PB(x,y,2)+k

[Equation 3]

Incidentally, the result of dividing the corrected image
data D32c¢ by the corrected image data D31c¢ corresponds to
an example of “variation index”.

In this modification, as in the embodiment described
above, the image processing apparatus 100 generates sub-
traction image data indicating affected region by a proce-
dure. Further, the image processing apparatus 100 divides
the corrected image data after the predetermined event by
the corrected image data before the predetermined event.
The image processing apparatus 100 of the modification
displays a fusion image generated based on this division or
subtraction on the display 24. With this configuration of the
image processing apparatus 100 also, an affected part, which
has newly developed from before to after a predetermined
event such as a procedure, can be displayed in a manner
recognizable by the viewer of the image.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.
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What is claimed is:

1. An image processing apparatus, comprising

a display; and

processing circuitry configured to

generate second image data by subtracting first image
data after contrast enhancement from first image data
before contrast enhancement,

remove information indicating a structure from a plu-
rality of the second image data to generate third
image data,

correct misalignment of a plurality of the third image
data based on characteristics of shape of a subject
represented in at least any one of the first image data,
the second image data, and the third image data,

obtain a variation index between the third image data
after alignment correction, and generate fourth
image data base on the variation index, and

display a medical image based on the fourth image data
on the display.

2. The image processing apparatus of claim 1, wherein the
processing circuitry is further configured to

generate the second image data based on the first image

data before contrast enhancement and the first image
data after contrast enhancement acquired before a pre-
determined event,

generate the second image data based on the first image

data before contrast enhancement and the first image
data after contrast enhancement acquired after the
predetermined event, and

correct misalignment of the third image data before the

predetermined event and the third image data after the
predetermined event.

3. The image processing apparatus of claim 2, wherein the
predetermined event includes procedure, therapy, or treat-
ment for the subject.

4. The image processing apparatus of claim 2, wherein the
processing circuitry is further configured to obtain a differ-
ence between the third image data as the variation index
after misalignment correction, and generate the fourth image
data base on the difference.

5. The image processing apparatus of claim 4, wherein the
processing circuitry is further configured to divide the third
image data before the predetermined event by the third
image data after the predetermined event, and generate the
fourth image data base on a result of division as the variation
index.

6. The image processing apparatus of claim 5, wherein the
processing circuitry is further configured to add a predeter-
mined constant to the third image data before the predeter-
mined event or the third image data after the predetermined
event prior to the division.

7. The image processing apparatus of claim 1, wherein the
processing circuitry is further configured to specify the
characteristics of the shape in at least either one of the first
image data before contrast enhancement and the first image
data after contrast enhancement.

8. The image processing apparatus of claim 7, wherein the
processing circuitry is further configured to specify the
characteristics of the shape from a region corresponding to
a bone or a region corresponding to air in the first image data
before contrast enhancement or the first image data after
contrast enhancement.

9. The image processing apparatus of claim 1, wherein the
processing circuitry is further configured to

adjust voxel values of the third image data such that voxel

values match between anatomically identical regions of
the subject in the third image data, and
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obtain the variation index between the third image data

after adjustment.

10. The image processing apparatus of claim 1, wherein
the processing circuitry is further configured to

adjust voxel values of the third image data such that voxel

values match between the third image data based on a
region specified through an input circuit, and

obtain the variation index between of the third image data

after adjustment.
11. The image processing apparatus of claim 9, wherein
the voxel values are average values of the voxel values in
the anatomically identical regions of the subject, and

the processing circuitry is further configured to calculate
an adjustment factor based on the third image data
before obtaining the variation index to achieve a largest
regions in which the average values match between the
third image data.

12. The image processing apparatus of claim 11, wherein
the processing circuitry is further configured to, when the
adjustment factor falls out of a predetermined range, stop
calculation of the adjustment factor and output a warning.

13. The image processing apparatus of claim 2, wherein
the processing circuitry is further configured to display the
medical image on the display based on the first image data
before contrast enhancement and the fourth image data.

14. The image processing apparatus of claim 2, wherein
the processing circuitry is further configured to display the
medical image on the display based on the second image
data and the fourth image data.

15. The image processing apparatus of claim 2, wherein
the processing circuitry is further configured to display the
medical image on the display based on the first image data
after contrast enhancement and the fourth image data.

16. The image processing apparatus of claim 15, wherein
the processing circuitry is further configured to display the
medical image obtained by superimposing the fourth image
data on the first image data on the display.
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17. The image processing apparatus of claim 14, wherein
the processing circuitry is further configured to display the
medical image obtained by superimposing the fourth image
data on the second image data on the display.
18. An image processing method, comprising:
generating second image data indicating a difference
between first image data before contrast enhancement
and first image data after contrast enhancement, the
first image data being acquired by capturing an image
of a subject at different times,
removing information indicating a structure from a plu-
rality of the second image data corresponding to the
different times to generate third image data,

correcting misalignment of a plurality of the third image
data based on characteristics of shape of the subject
represented in at least any one of the first image data,
the second image data, and the third image data,

obtaining a variation index between the third image data
after misalignment correction, and generating fourth
image data base on the variation index, and

displaying a medical image based on the fourth image
data on a display.

19. The image processing method of claim 18, wherein

the generating includes

generating the second image data based on the first
image data before contrast enhancement and the first
image data after contrast enhancement acquired
before a predetermined event, and

generating the second image data based on the first
image data before contrast enhancement and the first
image data after contrast enhancement acquired after
the predetermined event, and

the correcting includes correcting the misalignment of the

third image data before the predetermined event and the
third image data after the predetermined event.
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